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Background: The aim of this study was to evaluate how hospital capacity was managed focusing on standardizing
the admission and discharge processes.
Methods: This study was set in a 900-bed university affiliated hospital of the National Health Service, near
Barcelona (Spain). This is a cross-sectional study of a set of interventions which were gradually implemented
between April and December 2008. Mainly, they were focused on standardizing the admission and discharge
processes to improve patient flow. Primary administrative data was obtained from the 2007 and 2009 Hospital
Database. Main outcome measures were median length of stay, percentage of planned discharges, number of
surgery cancellations and median number of delayed emergency admissions at 8:00 am. For statistical bivariate
analysis, we used a Chi-squared for linear trend for qualitative variables and a Wilcoxon signed ranks test and a
Mann–Whitney test for non-normal continuous variables.
Results: The median patients’ global length of stay was 8.56 days in 2007 and 7.93 days in 2009 (p< 0.051). The
percentage of patients admitted the same day as surgery increased from 64.87% in 2007 to 86.01% in 2009
(p< 0.05). The number of cancelled interventions due to lack of beds was 216 patients in 2007 and 42 patients in
2009. The median number of planned discharges went from 43.05% in 2007 to 86.01% in 2009 (p< 0.01). The
median number of emergency patients waiting for an in-hospital bed at 8:00 am was 5 patients in 2007 and 3
patients in 2009 (p< 0.01).
Conclusions: In conclusion, standardization of admission and discharge processes are largely in our control. There
is a significant opportunity to create important benefits for increasing bed capacity and hospital throughput.
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At the moment, hospitals face an increasing demand for
hospitalization, for medical staff due to the introduction
of innovative technology in diagnostic and therapeutic
procedures, for higher standards in clinical safety and, fi-
nally, an increasing patient demand for better quality
services [1,2]. Optimal bed management is a strategic
aim in any hospital as the provision of an inpatient bed,
together with the staff and supplies involved, accounts
for much of its most complex and expensive activity.
The way beds are managed affects the way other hospital
departments perform since many are dependent on bed* Correspondence: bertao@bellvitgehospital.cat
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reproduction in any medium, provided the oravailability, such as emergency services, operating thea-
tres, etc. At the same time, these other hospital depart-
ments have an impact on bed usage [3]. Therefore, it is
essential to have an efficient and correct bed manage-
ment in order to improve service delivery.
From patient experience, an admission to a bed as an
inpatient in an acute hospital is a major event, independ-
ent of this admission being an emergency or from a
waiting list. First of all, patient experience will depend
on the availability of beds. That is to say, that when
patients need an emergency admission, it is important to
be admitted quickly and to an appropriate bed, avoiding
unnecessary waiting times in the emergency room. On
the other hand, if patients are being admitted from a
waiting list for elective surgery, it is important to
minimize the number of occasions that admissions are
cancelled as a result of there being no bed available [4].td. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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admission, an inpatient period and a final stage with the
discharge process. An inefficient bed management in
any of the three stages of the hospitalization can cause a
mismatch between demand and capacity. It has been
proved that when bed demand exceeds capacity, patient
admissions and scheduled surgical procedures can be
delayed or cancelled. Traditionally, it has been assumed
that the variability in the demand comes from the emer-
gency patient. Interventions focused primarily on emer-
gency departments have had limited success [5].
However, repeated case studies have shown that elective
admissions are often the major cause of variation as they
are more unpredictable than the emergency admissions
[6,7]. In addition, the greatest variation is typically in the
number of discharges and, therefore, efforts to reduce
variation should start with the discharge process and not
in the admission process [8]. Then, to have information
about planned discharges 24-h in advance would allow a
higher planning and an optimal bed assignment. More-
over, the discharge process should start at the point of
admission in the case of planned admissions, as in some
cases the estimated length of stay without a medical
complication is known. Discharge planning allows for a
better and quicker bed assignment in hospitals and the
development of nurses and other staff working in dis-
charge coordinator roles [9]. In this sense, it has been
proved that multidisciplinary teams can improve the de-
livery of health services and patient care [10-12]. All
admissions and discharges of the hospital should be cen-
trally managed [13] and planned, as single-department
solutions may create or worsen bottlenecks in other
areas.
During the hospitalization process, patient flow is a
strategic aim for the healthcare enterprise. Hospitals can
combine process management with information technol-
ogy to redesign patient flow for maximum efficiency and
clinical outcomes. Information is the foundation of any
patient flow initiative. Patient flow is built upon the cap-
ture, integration and sharing of information, both within
and across the different departments and staff [14]. This
critical foundation can be immensely challenging toTable 1 Intervention List
Discharge process management interventions:
▪ Enhance multidisciplinary teamwork: doctor, nurse, house
officer and central admissions unit.
▪ Set a planned date for discharge on day of admission or at
pre-admission, using protocols for common conditions with
<72-h expected length of stay.
▪ Discharge planned 24-h in advance for >72-h expected length of stay.
▪ Nurse-led discharge.
▪ Plan discharge needs: discharge report, pharmacy prescriptions,
sanitary transport, home care, etc.hospitals both with numerous information systems and
departments that operate as silos [15]. Actionable infor-
mation triggers patient care events and enables auto-
mated reminders. The aim of this study was to evaluate
how hospital capacity was improved through focusing
on standardizing the admission and discharge processes.
Methods
This study was set in a 900-bed university affiliated hos-
pital located in the metropolitan area of Barcelona
(Spain) that belongs to the National Health System. It
attends more than 120,000 emergency visits annually
and the mean number of monthly elective admissions is
1,650 (95% CI 1,609 to 1,691), not taking into account
day surgery. For our study, we created an interdisciplin-
ary team of clinicians, hospital administrators and
patients/families to examine bottlenecks and improve-
ment areas in service delivery. We then selected high
impact interventions focused on reducing the variation
in the admission process for elective admissions, avoid-
ing unnecessary cancellations of surgery interventions
that have an impact on waiting lists, and on planning
and standardizing the discharge process. All the inter-
ventions were implemented between April and Decem-
ber 2008. See Table 1 for intervention lists.
Standardization of the admission process included ad-
mission on the same day as surgery and promoting day-
surgery rather than inpatient care, both aimed to free up
bed days for emergency admissions and to admit major
elective patients from a waiting list. To promote plan-
ning discharges 24-h in advance consisted in educating
the clinicians on entering the discharge information in
the electronic patient report. Then the house officers
daily worked together with the physician in order to plan
the discharge of the patient: discharge report, pharmacy
prescriptions, the need of transportation to home, etc.
At the same time, the nurse became the patient manager
as he or she knew the discharges for the following day
and that allowed an optimized task organization for the
day, to identify possible home care arrangements for the
patient, to collect patient documents from the house
officer, and personally give them to the patient so thatAdmission process management interventions:
▪ Bed Management by a central admissions team planning
and scheduling patient flows: right patient, right place and right time.
▪ Central admissions in a Surgery Admission Unit.
▪ Patients admitted on the same day of surgery.
▪ Enhance day-surgery rates of selected processes.
▪ Avoid “on the day” cancellations of elective patients.
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same time, the patient/family did not need to go person-
ally to the house officer to collect the information and
could get more feedback from their nurse manager.
When the patient left the bed, the nurse entered the in-
formation in the system, which also prevented the pa-
tient/family to personally go and communicate their
discharge to the admission unit when leaving the hos-
pital. Bed management was done through a centralized
team, with the help of the Information System, which
placed emergency and elective patients in the most ap-
propriate beds, allowed patient transfers between wards
and checked patient discharge status, in order to have a
correct patient allocation and a global vision of the hos-
pital occupancy at all times.
For this study, we included all patients admitted to
hospital wards before the multi-intervention, between
the 1st of January and the 31st of December 2007, and
after the implementation, between the 1st of January and
the 31st of December 2009.
The following variables were recorded through the
Hospital General Database: patient demographics, main
diagnosis and procedure, admission and discharge dates,
date of surgery, number of emergency patients waiting
for a bed at 8:00 am, causes of patient cancellation, per-
centage of planned discharges 24-h in advance, number
of patient outliers and number of day-surgery interven-
tions. We did not look for ethical approval, as the
organizational change described in this study did not
cause any change in the clinical management of the
patients and did not make any intervention to the indi-
vidual patient.
The main outcome measures were: median length of
stay, proportion of patients admitted on the same day
of surgery, percentage of planned discharges, number of
surgery cancellations, proportion of day-surgery, median
number of delayed emergency admissions at 8:00 am
due to lack of bed and median number of patient out-
liers, risk-adjusted mortality rate and risk-adjusted read-
missions rate.Table 2 General hospital data during years 2007 and 2009
2007
Median (IQ
Available hospital beds 776.00 (724
Emergency daily visits 344.00 (319
All scheduled admissions (including day surgery)* 59.00 (20.
Scheduled hospital admissions* 45.50 (13.
Emergency admissions 36.00 (31.
Day surgery admissions* 13.00 (0–2
Hospital occupancy 87.37 (87.
*Considering 365.25 days per year.To describe categorical variables we used the total
number of cases (N, days) and the percentage of each
category and we used the Chi-squared for linear trend in
bivariate analysis. All continuous variables were
expressed as median ± interquartile range, and changes
were assessed using the Wilcoxon signed ranks test and
the Mann–Whitney test. A P value of less than 0.05 was
considered statistically significant. All statistical analysis
was conducted using the Statistical Software Program
[16] for Windows (version 14).
Results
We included 53,361 admissions, of which 27,784 were
done in 2007 and 28,577 were done during 2009.
Table 2 shows the general activity information during
these two years, 2007 and 2009. The number of patient
admissions for scheduled surgery was 13,824 patients in
2007 and 14,548 patients in 2009. The proportion of
patients admitted on the same day of surgery signifi-
cantly increased, from 64.87% in 2007 to 86.01% in 2009
(p< 0.05) (Table 3). The patients’ global length of stay
was 8.56 days in 2007 and 7.93 days in 2009, without
day surgery patients. The scheduled admitted patients
length of stay was 4.85 days in 2007 and 4.54 days in
2009, especially caused by the “same day admission” pol-
icy implemented, as the pre-surgery length of stay was
reduced from 0.58 days in 2007 to 0.26 days in 2009
(p< 0.05). The number of cancelled interventions due to
lack of beds was 216 patients in 2007 and 42 patients in
2009. The median number of day-surgery interventions
per day increased, especially due to the increase in day-
case rates for the procedures: knee arthroscopy, varicose
veins and bunions (Table 2).
The standardization of the discharge process was
based on discharge planning and teamwork building
(Figure 1). In this sense, the median number of planned
discharges went from 43.05% in 2007 to 86.01% in 2009.
The median number of patients placed out of ser-
vice in 2007 was 70 patients and 62 patients in 2009
(p< 0.05). That is to say, the percentage of inpatient2009 P value
R: Q1-Q3) Median (IQR: Q1-Q3)
.00-819.00) 757.00 (699.50-790.00) <0,01
.00-367.00) 337.00 (307.00-361.00) <0.01
00-85.00) 64.00 (10.00-91.00) 0.78
00-69.00) 47.00 (8.50-75.00) 0.63
50-41.00) 36.00 (31.00-40.00) 0.24
3.00) 16.00 (0–24.50) <0.05
29-88.64) 91.8 (89.70-94.05) <0.01
Table 3 Main Key Performance Indicators during years 2007 and 2009
2007 IQR: Q1-Q3 2009 IQR: Q1-Q3 P value
Same day of surgery admission 64.87% 51.07% to 70.02% 86.01% 83.50% to 88.93% <0.05
Pre-surgery length of stay (days)* 0.58 0.53 to 0.70 0.26 0.24 to 0.32 <0.05
Global length of stay (without day surgery, days)* 8.56 6.88 to 10.01 7.93 6.78 to 9.51 0.051
Scheduled patient length of stay (without day surgery, days)* 4.85 3.73 to 6.33 4.54 3.62 to 4.54 <0.05
A&E patient length of stay (days)* 11.64 9.82 to 13.93 11.46 9.49-13.56 0.22
Cancelled interventions 216 _ 42 _ _
A&E patients admitted to hospital 10.46% 9.26% to 11.90% 10.49% 9.20% to 12.13% 0.33
Discharge planning 43.05% 40.09% to 45% 86.01% 84.92% to 87.10% <0.01
Daily patients placed out of service 70 56 to 78 62 49 to 69 <0.05
Emergency inpatients waiting for a bed 5 1 to 11 3 1 to 7.50 <0.01
*Mann–Whitney test.
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(p< 0.05). The median number of emergency patients
waiting for an in-hospital bed at 8:00 am was 5 patients
per day in 2007 and 3 patients per day in 2009 (P< 0.01).
The percentage of emergency visits that were finally ad-
mitted to the hospital was 10.46% in 2007 and 10.49% in
2009. The percentage of emergency admissions over glo-
bal admissions was 50.19% in 2007 and 49.10% in 2009.
Risk-adjusted mortality rate diminished from 1.02 in
2007 to 0.89 in 2009 [17] (Table 4).
Discussion
The optimization of hospital care resources by managing
variation in the admission and discharge processes has
proven to be effective. This multiple intervention project
increased hospital productivity. Firstly, the main conse-
quence due to the admission process has been the re-
duction of the length of stay, especially in scheduled
admissions due to the reduction in the pre-surgery stay
as a high percentage of patients were admitted on the
same day as surgery. In addition, day surgery was con-
sidered as the first option for some surgery processes.Figure 1 Comparison of percentage of planned discharges during 20Secondly, the significant increase in planned discharges
helped sharing information among staff and enhanced
teamwork. House officers were able to prepare all the in-
formation and patient arrangements for the day. In
addition, patients and their families awaited comfortably
in their rooms instead of being the messengers of infor-
mation among the hospital silos. However, the imple-
mentation of these high impact changes required
leadership, multidisciplinary teamwork and board level
commitment as they affected the whole organization. All
interventions were based on “lean” concepts, basically to
reduce waste in terms of human resources, public health
services and patient quality of care as well as to gain
flexibility in hospital capacity.
Interventions included in this study are mostly
dependent on the leadership and control of the manage-
ment team [18] in order to assess the appropriateness of
acute bed usage. There is an opportunity by process
reengineering to increase bed capacity and productivity
with the same fixed costs. In this sense, actions that lead
to an increase of productivity without diminishing the
service quality, or even increasing it, should be07 and 2009, by months..
Table 4 Quality indicators during years 2007 and 2009
2007 2009
Readmissions Rate 7.3% 7.4%
Risk-adjusted Readmissions Rate* 1.07 1.04
Complications Rate 5.2% 6.8%
Risk-adjusted Complications Rate* 0.96 1.16
Mortality Rate 5.1% 4.6%
Risk-adjusted Mortality Rate * 1.02 0.89
* Comparison group created from Peer hospitals, data from years 2009 and
2010 [17].
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and a competitive advantage for any hospital. Bed man-
agement issues therefore warrant high consideration
within the hospital’s management team. Some Boards
have recognised the importance of hospital operations
and that the person in charge of this area of manage-
ment should be a senior member of the hospital’s execu-
tive committee.
In our study we have seen how redesigning operational
aspects of the care delivery process that do not affect
quality of care, can reduce scheduled admissions cancel-
lations and the number of emergency admissions waiting
for a bed. It is crucial not to block beds for elective
admissions in advance, as supply of available beds will
come through the discharges of the day. The way beds
are managed has consequences on all organization
levels: emergency and accident departments, surgery
theatres, as in both cases their activity depends upon
bed availability. However, there are many other aspects
to consider when analysing bed capacity such as its effi-
cient use. Departments that are inefficient can lengthen
hospital stays and use beds unnecessarily [19].
Around 50 per cent of hospital admissions involve
non-emergency patients who have been on a waiting list,
mostly for a surgical operation. Waiting dominates many
citizens’ perceptions of hospital care. While they are
waiting, patients may be in considerable pain and dis-
comfort and this interferes with their normal lifestyle
and it adds to the workload of primary care [20]. On the
other hand, in order to avoid last moment surgery can-
cellations due to lack of beds, a lot of professionals are
likely to admit their patients the day before surgery and
waste a one-day bed unnecessarily. It is then important
to reach a consensus between the physicians and the
management team in order to maximize profit for both
parties, including patients and their families. The inter-
vention for scheduled surgery consisted in a surgery ad-
mission unit [21] where the patient was admitted on the
same day as surgery and was prepared without being
given a bed. In this context, when patients were admit-
ted each morning there were not any free beds in hos-
pital wards, and they had to wait until other patients leftthe hospital. A possible drawback was that there could
be a delay in bed assignments, which could have an im-
pact on the rotation of patients in recovery theatres after
the surgery and then in operating theatre flows.
In our hospital we reached 85% of planned discharges
(Figure 1). Delayed discharge triggered waits on trolleys
in the emergency room and in operating theatres. Plan-
ning ensured an early and certain discharge as well as a
better bed assignment because there was information
about which beds would be available. Therefore, the
number of patient outliers in the hospital significantly
diminished. A limitation of planning discharge was that
not all of them were effectively real the following day.
The percentage of cancelled discharges was usually less
than 10%. However, the importance of the planning was
precisely to avoid improvisation of all the staff that parti-
cipated in the discharge: physician, nurse, house officer,
sanitary transport, families and patients and others. In
fact, discharge process should start in the admission
point, as it is the mismatch between demand and supply
of beds that promotes delays and bottlenecks in the sys-
tem [8,22].
Another limitation of our study was that this multi-
intervention was only implemented in one hospital, so
the study’s generalizability is limited. In our experience,
it is crucial that management leaders focus on efforts to
promote admission on the same day as surgery and to
promote an early hospital discharge so that other
patients can be placed in the most appropriate bed as
soon as possible.
Conclusion
In conclusion, admission and discharge standardization
and therefore length of stay are largely in our control.
There is a significant opportunity to redesign patients’
pathways and improve patient flow to create important
benefits for bed management and hospital throughput,
which ultimately improve quality and the safeness of pa-
tient care.
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